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Summary: Objective. We modified the fenestration approach for arytenoid adduction to make it easier to perform
the surgery. The aim of this study was to evaluate the usefulness of our modifications, which included (1) use of an
Alexis wound retractor (Applied Medical) to secure the surgical field through a small incision, and (2) use of a 12-
mm, 1/2 R, insert-molded taper needle with 3-0 nylon suture to prevent damage to the arytenoid cartilage.
Study Design. This is a retrospective non-randomized observational cross-sectional study.
Methods. We compared the operative time and skin incision length between the conventional fenestration approach
and our modified procedure, and verified the improvement of patients’ voice by our procedure.
Results. Seven patients underwent the conventional fenestration approach for arytenoid adduction with type I thyroplasty,
whereas nine patients underwent our modified fenestration approach for arytenoid adduction with type I thyroplasty.
The skin incision length with our modifications (median, 3.0 cm; interquartile range [IQR], 3.0–4.0) was significantly
shorter than with the conventional procedure (median, 5.0 cm; IQR, 4.3–5.8) (P = 0.001). The operative time with our
modifications (median, 95 minutes; IQR, 90–100) was significantly shorter than without our modifications (median,
115; IQR, 100–130) (P = 0.035). All patients who underwent our modified fenestration approach for arytenoid adduc-
tion had maximum phonation time greater than 11 seconds after surgery.
Conclusions. Our two distinctive modifications reduced the operative time and skin incision length for the fenes-
tration approach, which improved the procedure by making it less invasive.
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INTRODUCTION
Arytenoid adduction (AA) was first reported by Isshiki and
colleagues.1 For patients in whom a unilateral vocal fold paral-
ysis is severe and generates the wide posterior glottal chink during
vocalization, AA is considered an important procedure because
it can close a wide posterior glottal chink and correct the ver-
tical difference between the two vocal folds.1–4 The original
procedure reported by Isshiki and colleagues approaches the cri-
coarytenoid joint by turning the thyroid cartilage around under
local anesthesia.1 However, the original procedure is some-
times performed under general anesthesia because it reduces
patient burden.5–7
In contrast, the posterior window approach reported by Maragos
in 1999 and the fenestration approach for AA reported by
Tokashiki and colleagues in 2007 approach the arytenoid car-
tilage through a window of thyroid cartilage without turning the
thyroid cartilage around,8,9 so these procedures are less inva-
sive and are tolerated well under local anesthesia with or without
sedation.8–11 Furthermore, the procedure has the advantage of being
able to obtain effective traction on the arytenoid cartilage because
the cricothyroid joint is preserved.8,9,12,13 However, securing the
surgical field is more difficult and the working space is tighter
because the operator should pass a needle directly through the
muscular process through the small window of thyroid carti-
lage. Therefore, we made two modifications to this approach to
address these limitations. An oval-shaped port device was used
to secure the surgical field through a small incision (Alexis wound
retractor; Applied Medical, Rancho Santa Margarita, CA)
(Figure 1A). Newly developed 12-mm, 1/2 R, swaged needles
with a taper point and 3-0 nylon suture (Bear Medic Co., Tokyo,
Japan) (Figure 1B) were made to facilitate needle handling and
to prevent splitting of the arytenoid cartilage.
We compared the skin incision length and the operative time
for AA with and without the modifications to evaluate their use-
fulness, and verified the improvement of patients’ voice by our
procedure.
SUBJECTS AND METHODS
Subjects
Between January 2011 and December 2015, 21 consecutive pa-
tients with unilateral vocal fold paralysis underwent the
fenestration approach for AA. Eight patients underwent the fen-
estration approach for AA without the modifications until January
2011 to March 2013, and 13 patients underwent the fenestra-
tion approach with the modifications until April 2013 to December
2015.
Clinical end points
First, we compared the skin incision length between the two
groups. We included patients who underwent AA only in this
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comparison analysis because the incision length is not affected
by whether type I thyroplasty was also performed. Second, we
compared the operative time (incision-to-closure) between the
two groups. The patients underwent type I thyroplasty plus AA
or AA only. Patients who underwent AA only were excluded from
the analysis of operative time because there were only few pa-
tients who underwent AA only. Third, we evaluated the total blood
loss and surgical complications for our modified approach for
AA with and without type I thyroplasty. Fourth, we also as-
sessed the surgical effect of our modified fenestration approach
on postoperative maximum phonation time (MPT), mean airflow
rate (MFR), and voice-related quality of life (V-RQOL).
This study was approved by the Institutional Review Board
of Tottori University (Approval Number 1603A144) and was per-
formed in accordance with the Declaration of Helsinki.
Surgical procedure
We made two distinctive modifications. First, an Alexis wound
retractor was used to secure the surgical field through a small
skin incision (Figure 1A). Second, a 12-mm, 1/2 R, insert-
molded taper needle with 3-0 nylon suture was used to secure
the arytenoid cartilage (Figure 1B).
All patients underwent surgery under local anesthesia and no
sedation. A transverse incision of 3–4 cm in length was made
from the midpoint of the thyroid cartilage on the affected side
(Figure 2A). The Alexis wound retractor was inserted into the
layer under the sternohyoid muscle, which was preserved
(Figure 2B). The arytenoid cartilage was pulled with the fen-
estration approach reported by Tokashiki and colleagues using
nylon suture attached to an insert-molded taper needle that we
developed.8,9 We decided on tension pulling the muscular process
of the arytenoid cartilage depending on intraoperative phona-
tion and observation with flexible laryngoscopy. We evaluated
our modifications based on operative time, skin incision length,
total blood loss, surgical complications, and postoperative voice
improvement. We used the phonation analyzer (PA-1000, Minato
Medical Science Co., Ltd, Osaka, Japan) and measured the MFR
pre- and postsurgery. The V-RQOL was assessed using the ques-
tionnaire in Japanese.14
Statistical analysis
Statistical analysis was performed using SPSS software, version
22 (IBM SPSS, Chicago, IL). We calculated the medians and
interquartile ranges (IQRs) for operative time and skin inci-
sion length in the two groups and compared them using the Mann-
Whitney U test. About operative time, we adopted patients who
underwent AA with thyroplasty I and compared their operative
times.
RESULTS
Comparison between fenestration approach with
and without our modifications
The patient and operative characteristics are shown in Table 1.
Seven of eight patients who underwent the fenestration ap-
proach without our modifications also underwent type I
thyroplasty, whereas one patient underwent AA only. Eleven of
13 patients who underwent AA using our modified fenestration
FIGURE 1. A. Alexis wound retractor (Applied Medical). B. Newly developed 12-mm swaged taper point needles with 3-0 nylon (white arrow)
(Bear Medic Co.).
FIGURE 2. A. The skin incision design. B. Insertion of the Alexis wound retractor into the layer under the sternohyoid muscle.
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approach also underwent type I thyroplasty, whereas two pa-
tients underwent AA only.
The median skin incision length without our modifications was
5.0 cm (IQR, 4.3–5.8) and with our modifications was 3.0 cm
(IQR, 3.0–4.0) (P = 0.001) (Figure 3). The median operative time
without our modifications was 115 minutes (IQR, 100–130), com-
pared with 95 minutes (IQR, 90–100) with modifications
(P = 0.035) (Figure 4).
Our modified fenestration approach for AA
Among all patients who underwent our modified fenestration ap-
proach for AA, there was less than 10 mL of total blood loss
and no major complications. All patients who underwent our
modified fenestration approach for AA had an MPT greater than
11 seconds after surgery. The postoperative improvements of the
patients who underwent our modified fenestration approach for
AA in MPT, MFR, and V-RQOL are shown in Figure 5A–C.
DISCUSSION
The use of a wound retractor was effective in securing the sur-
gical field during the fenestration approach, and the new insert-
molded taper needle was easy to handle through the small window
of the thyroid cartilage. As a result, these two distinctive modi-
fications shortened the operative time and reduced the skin incision
length for AA using the fenestration approach. These results
showed that the modifications improve the fenestration ap-
proach procedure, making it less invasive. Moreover, we were
able to perform the procedure without any complications and
confirmed sufficient surgical effects with the procedure.
The original AA procedure reported by Isshiki and col-
leagues is performed under local anesthesia.1 However, the AA
is sometimes performed under general anesthesia because the
thyroid cartilage is extended outward during the procedure, which
is too invasive to be performed under local anesthesia. The pro-
cedure under general anesthesia has some disadvantages: more
invasiveness, requires cumbersome techniques, costly, and in-
ability to observe the degree of adduction intraoperatively due
to intubation. Furthermore, the weak points of the original pro-
cedure include disruption of the cricothyroid joint, which disturbs
the effect of adduction by loosening the vocal fold because of
anterior dislocation of that arytenoid cartilage.8,10,12,13 Kraus et al
and Maragos reported that forming a posterior thyroplasty
window, which involves removing the posterior portion of the
thyroid cartilage, overcomes the weak points of the original Isshiki
TABLE 1.
Characteristics of Patients Who Underwent the Fenestration Approach for AA
Conventional Fenestration
Approach (n = 8)
Modified Fenestration
Approach (n = 13)
Gender (male/female) 6/2 11/2
Mean age (years) 68.4 (47–79) 62.2 (29–79)
Surgical procedure (AA/AA plus type I thyroplasty) 1/7 2/11
Primary disease Thyroid cancer 2 Lung cancer 6
Esophageal cancer 2 Thyroid cancer 3
Aortic dissection 2 Aortic dissection 2
Lung cancer 1 Vagal schwannoma 1
Brain infarction 1 Esophageal cancer 1
Abbreviation: AA, arytenoid adduction.
FIGURE 3. Box-and-whisker plots of operative time. FIGURE 4. Box-and-whisker plots of skin incision length.
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procedure.3,12 However, the posterior approach to the muscular
process is likely to cause complications such as injury of the
hypopharyngeal mucosa and edema of the hypopharynx. Pres-
ervation of the posterior portion of the thyroid cartilage would
be preferable.8,9,15
With our modifications to the fenestration approach, we can
approach the muscular process of the arytenoid cartilage in a
straightforward manner and preserve the posterior portion of the
thyroid cartilage. This procedure is less invasive and suitable to
operations under local anesthesia. However, it requires an ex-
cessive skin incision to operate, although the procedure is
performed through a small window around 1 cm.8,12 Further-
more, manipulation is difficult because a small needle of
approximately 12 mm with 3-0 nylon was not commercially
available.
The use of a wound retractor was very effective in
securing the surgical field during the fenestration approach. It
effectively enlarged even a 3-cm incision and reduced the
need for surgical assistants because the wound retractor self-
expands omnidirectionally into a round shape. A wound retractor
is often used to protect wound edges during abdominal endo-
scopic surgery,16,17 and it did so efficiently in the neck. In
conventional procedure, the sternohyoid muscle is commonly
cut because the muscle is obstructive to operate. We inserted
the retractor into the layer under the sternohyoid muscle and
did not resect the muscle; therefore, no dead space was created
and the wound healed well. Wound retractors have been
reported to be useful not only for expanding the surgical field
omnidirectionally but also for preventing infections and crush
injuries.16–20 Therefore, the surgical wound healed well cosmeti-
cally (Figure 6).19,20
The swaged taper point needle with 3-0 nylon was easy to
handle and protected the arytenoid cartilage. Before using the
newly developed needle, the smallest commercially available
swaged needle size with 3-0 nylon was 16 mm. The 16-mm
needle is too large to use for the fenestration approach, so we
needed to use a small-eyed needle with 3-0 nylon attached at
the end. The end of the needle had a cutting edge. In addition,
when we used the eyed needle and passed the nylon through
the eye of the needle, the nylon was doubled at the end of the
needle (Figure 7A). In contrast, the newly developed swaged
taper point needle was easy to handle and did not cause the
cartilage to split during suturing because the new insert-
molded taper needle has no cutting edges and no thread
overlap (Figure 7B).
The fenestration approach reported by Tokashiki and col-
leagues is to be performed under sedation.8 In some cases, it is
difficult for the patient to recover from sedation, and the surgeon
must wait for the patient to emerge from sedation. On the other
hand, our modified procedure can be performed also under local
anesthesia without sedation and all patients tolerated the pro-
cedure well under local anesthesia. We were able to hear patients’
voices as needed during surgery and adjust the tension on the
nylon suture thread. Needless to say, the patients were not in-
tubated, and movement of the arytenoid cartilage and suture
placement were easily observed intraoperatively using a flexi-
ble laryngoscope.
This study had some limitations. First, the results may pos-
sibly be affected by a learning curve. However, the operative time
did not decrease as more procedures were performed. We had
performed AA before this study period. Thus, we think that there
was no substantial learning curve bias. Second, the number of
subjects was small.
FIGURE 5. A. Improvements in maximum phonation time with our modifications. B. Improvements in mean airflow rate with our modifica-
tions. C. Improvements in voice-related quality of life with our modifications.
FIGURE 6. Surgical scar with our modified procedure.
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CONCLUSIONS
The use of a wound retractor was effective in securing the sur-
gical field during the fenestration approach, and a new insert-
molded taper needle was easy to handle through the small window
of the thyroid cartilage. These two distinctive modifications
reduced the operative time and the skin incision length for AA
with the fenestration approach. These modifications improved
the fenestration approach procedure by making it less invasive.
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FIGURE 7. A. Eyed needle with 3-0 nylon: ▲ (arrowhead): the body has a cutting edge; ↑ (arrow): the end has a cutting edge; △ (white ar-
rowhead): doubled thread. B. Swaged needle, with no cutting edge and no thread overlap.
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